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0 f GRAVITY THICKENING

Lesson Description .

Thms Tesson deals with the basic operation of the gravity thickener.
It covers the theory of operation and describes the components found in
a typical th1ckener Cons1derat1on is then given to the parameters which
must be understood in optimizing the operation of the th1ckener Attent1on
is given to math concepts which are used in contr0111ng hydrau]1c‘]oad1ng,
getent1on time and material.balance. - o, N )

Before us%£g th1s modute, review the concepts covered in "S]udge
Characteristics™and "Sludge Conditipning". It may a1so be helpful to’
review the module. n "Planning ‘Considerations" as a means of seeing this

process un1t in r§ﬂ tion to other types of solids hand]1ng
\

Estimated T1me Ny ’ v
Student Preview.k\‘ C 5-10 minutes
Presentation 1 . 30 » 40 minutes - - :
5 Discussion ' .- 5 - 10'minutes | . '
Worksheet and Review: ‘ .20 - 30 minutes :
Instructione1 Materials L#%t , i ‘
1., Student text, "Grav1ty Thickening". L‘ t
2. Slide set, "Grathy Th1cken1ng .
» 3. Slide projector and screen , ’\
Y. Chalk and b]ackbbard or mark1ng pens and flip chart. '
. Suggested Sequence of ] resentat10n ‘ : - ‘
1. Ass1gn read1qg* ’ ' o . ‘ ’
2. Lecture and d1scﬁss1on using slidé, format and outline. ' %
This mater1af p%b also be, presented in a s]1de/tape ’
sequen e us1ng d Wollensak cassette” p]ﬂ?er coupled ‘
to a 3 Am car?use] prOJector The tape i3 equipped \ . ) .
lw1th ad o;z%udﬂb]e cue to automet1ca]]y .advance and . y
synchr the = * )

. ﬂ§cbssipn 1}
) L i ,
4. Assign%ﬂorkshee

5. Rev1ew§ orkshee

s - *
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GRAVITY THICKENING

Required Reading
EPA Course #166, Gravity Thickening.
oL

Reference Reading . o
EPA Course #166, Sludge Characteristics, Sludge Conditioning, '
y] Planning Considerations, Lab Procedures.
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- "GRAVITY THICKENING . .

.~ Objectives ‘ _ o ' '

Vs \ L
Upon completion of this lesson the student.should belaH]e to . ’ N
-do the following: : ' PR "

1. Recall two ways that gravity influences thickening: 4
a. Gravitational force - sludge is heavier than,water;%‘% -
b. Sludge is compacted by the weight of the so]ids~i}j§ﬁ

blanket pressing down from above.
2.. Identify on a diagram the following componenfs:

a. Inlet and Distribution Assembly !
b. Rake or Collector Mechanism ‘

c. Pickets . . .

d. Scum Removal .

. 3. List four”of the six criteria which influence the opetration of , .
’ a gravity thickener. The 1ist includes: '

T&pe of sludge .

Age of sludge . .-
Sludge blanket depth T

Solids and hydraulic detention time

e. ~Solids and hydraulic loading .

f. Temperature of sludge . '

4

Qo0 oo

4. Define Gasification .
5. List the gases produced by the biological decomposition of s]udge

6. Recall that secondary sludges are difficult to thicken by grav1ty
due to a large amount of bound water ‘ ) \
Define nitrification. '
Define denitrification.

9;7 Explain why nitrification - denitrification is an .important consid- /
eration in thickening secondary sludge. '

10. Explain why filamentous bacteria in secondary s]udge causes
thickening problems.

11. Recall that an increase in temperature causes an increase in .
biological activity. . . .

' 12. Recall that gravity thickener oberation varies between summer and
winter due to the effect of temperature on gasification.

13, -Recall two of three types of control for operating a thickeper.
The 1list includes: .

a. Control solids retention tim&
b. Control speed of collector
c. Control sludge blanket depth

14 Define and calculate hydraulic loading. '

|
i 15, Recall typ1ca] hydraulic loading on a grav1ty th1ckener is
| 400 - 800 gpd/sq. ft.- . //

('t ‘
Q ' . '
I}RJ!: GT-3 of 13 12/80
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16. Define and calculate solids loading as 1bs. solids/dayR¥e: |
17. List ‘three of the four factors which affect sludge* de on . ,
. time. These include: .
a. *Solids applied . i .
b. Depth of blanket ‘ 1
*Solids concentration in blanket
+ d. Solids removed
18. Define sludge volume ratio as:
Vol. of sludge blanket ;;
Vol. of sludge pumped/day i
19. Recall typical' SVR's for gravity thickeners is 0 5 f days.
20. Recall that SVR sheuld decrease during warm weathe ;
21. Recall points where flow-should be menitored in té ffation of
a thickener. These include: !
. a. Influent . , : i
b. Effluent ) 5
c. Congcentrated studge stream : . -
22. Describe the surface of .a Droperly functioning %@ er to be;
a. Relatively clear L k I
b.. Free of gas bubbles *2
c. Free of solids Y '
~d. Free of excessive scum accumu]at1on § . =%
23. Recall that the sludge blanket depth should beé three feet.
.24 State the criteria for setting the speed of th& lge collector.
It should be: . . § .?
3. Fast enough to move settled so]1ds to col ﬁ point.
b. Slow enough to avoid disruptive turbulence 311 causes
solids to float. .
25.__Recall that. tbe_pmper_xzate_of_sludgemthdra 4. [ A ——
ja. One which maintains proper blanket level. % N
26. Define and calculate "concentrat1on factor" as t
: Thickened Sludge Concentration |, g i )
*+Influent Sludge Concentration “ e tb )
‘27. Reca]1 that primary sdudge should have a co tion fac
: 9reater than 2.0y secondary sludge” greater " e'0 .
28. Theé student will be able to recall expected rmance of a
gravitationa! thickener in concentrating sl ks follows:
a. Primary sludge ‘ 8 - g
b. Trickling Filter sludge 7 i N
c. Waste actjvated sludge . 2 9% i
d. Digested primary ©od § / s
e. Primary and-waste activated : 7 3 .
f. Primary and FeCL4 v - Rk
g. Primary and 1ime 7 -1
" . i ]
?J{? 5 g:
i )
6T-4 of 13§ i ; 12/80




GRAVITY THICKENING.- LESSON OUTLINE

I.  GRAVITATIONAL THICRENING - - ,

s 7 A. Gravitational Force To Separate Solids from lgquids.

4

1. Solids heaviér than water settle to bottom.

e ‘ 2. ,Compactéd by we%ght of solids above.
T LY
) B. . Thickeners -_Construction v *
1. Circular ' ) . A

a. Inlet and Distribution Assembly - stee] sk1rt -'baffle -
2 -3 feet deep from- surface.

b. Sludge rake - moves sludge to sump for removal.
C. Pic&ets - on rake, gently stir sludge, release gas.
~ d. Scum removal e
’ C. Operation ) &
' « T. Good operation depends on: . | ‘
5.. Type qf sludge
b. Age of feed-sludge
c. Temperature of;sludge
' . d. ‘§1udgé blanket depth \ S ' .

e. Solids and hydraulic detention time

»

T " f. Solids and hydraulit loading g
' 2. Gasif%catiﬁn - dué to éeptic s]uhge . . .
, 2. HyS o ‘ \
- | b. CH, . | - : ,
‘ i - c. Co, } _ . L '
s 3. Secondary sludges -
"a. large amounts of bound water - A .
. 85 - 90% 1ntrace1}'u1ar water in biglogical solids.. - ‘
> . o b. D1ff1dﬁ1t to. thicken by’gravlty. '
,El{llC - | ETSof 13 9 . , 12/80

]




e Page 2

GRAVITY THIQKENING ~ LESSON OUTLINE

, ' c. Nitrificatiom : .
. d. Filamentous bulking .

¥

4. Temperature

A

‘‘‘‘‘‘

a. Increase in temperature ®increase in biological activities.
(1) “Gasification ..
) (2) Pump's]udge at faster rate in summe; versus winter.
5. Operating Guidelines ' ) y

a.. Control solids retention fime.
L , b. Control speed of collector.
Y c. Contro]'sludge blanket ﬂépth.
6. Hydraulic loading - .

a. Definition: gallons/sq. ft./day = hydrau11c surface
]0ad1ng or overflow rate.

o . . gallons = sludge flow + 2° clarifier effiuent -
+ T blend. '
" b. Typical rates = 400 - 800 gpd/ft.’ )
>
. ‘ 7. .Solids loading ’ ’ \ .
a. Definition:. 1bs. solids/day/ft. -
8. Sludge Detention Time
.a. Definition: Time solids.vemain in blanket.
b. Based on: .
(1) Solids applied
(2) Depth of blanket °
| (3) Solids concéntration of blanket o\
\ . ‘ . ‘
E ‘ ) (4) Solids removg? o
. @ ', 10 \ S

.\) | ‘< ‘ | ) . . ) 2
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] GRAVITY THICKENING - LESSON OUTLINE. | -
Page 3 . . ] A ‘
9. SVR = Sludge Volume Ratio o o

a. SVR = Volume of Sludge Blanket
Daily Volume of Sludge Pumped” .

b. Typical = SVR of 0:5= 2 days >

v
-

Increase SVR = maximum sludge concentrat1on but
. . gasification may occur. ‘ y

Decrease SVR during warm weather
D. Norma] 0perat1ng,Procedures .
1. Monitoring L
0 a. Once per shift -
-0 1) Inf]uént . _ . . \
(2) Effjuent ‘ J ) K\ )
(5)« Concentrated s]uage stream '¥ I '
2. Water Surface | /. s '

a. Relatively ciear
, (1) Free of gas bubb]e?, so]idscanaascgvﬁl \\_-
3.. Sludge blanket depth - ;é/' >
. d. Kept below 3 feet
" 4. Speed of Collector
; ' a. Fast enough to remove settied 50119’ to s]udge
b. Slow enough not to disrupt sett “6 solids and cause
them to float. :
5. MWithdrawal of sludge ‘
a. Fast enéugh to maintain b]agyyt level.
\

'E. Typical Performance 5‘4

1. Actual plant may vary - all s] dges are unique. Below
is a generdl gu1de11ne\ - T

11 .
o, '  GT-7 of 13/

12/80
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g GRAVITY THICKENING -.LESSON OUTLINE

.' Page 4 L : . o,
[ \ . “a -3 ’ ~~

L]
S

' v .solids Loadipg  Influent Feed Thickened .
Sludge Type - 1bs./day/ft. Sludge % . Sludge %

.

' Separate ~ .
Primary  20-30
A/S ) 5-8 .
T/F . 8-10 ~

- QW
CJ({ICJ
- o
(el 3, Nean)

N

[}

=

Combined - .
19+ A/S . -6-12
1° + T/F 10-20

N —
?c.n
w N
. e
e 3, ]

- N
Y

2. Efficiency .
(Influent - Eff]uent)X 1004

- a. Efficiency % =
’ Influent

3. Concentration Factor (CF)

: a. CF = Thickened/S]UQQe Concentration %
‘ . Co ' Influent’ STudge, Concentration %

s - , " b. Primary sludge = 3% . - .
. . .

Thickeqed-s]udge

CF = 7.0% _ ovnn *
" . 307 - &3

\ c. Guidelines: . . -
Primary sludge = CF 2.0, . - N
CF 3.0 '

Secondary sludge

12

\‘1‘ ) . . : . 3 h . ‘
IERJf: . GT-8 of 13 ' | 12/89 -




. v ' o ‘ -
.Narrative ~ T, . @h ‘

Slide # . . N

~

-

1. This modu]e d1scu$ses Grav1ty Th1cken1ng It will present a descrip-
tion of the. process, the components typically Found on a thickener,
+ information on process control, safety and other basi¢ items necess-
- ary for-a sound understand1ng of the process :
. ' AN
"2, This module was N§1tten by Mr Paul K]opp1ng Instructional Deve]op- '
ment was done by Priscilla Hardin dnd Envirotech Operating Services
provided ‘technical review.

'~ 3. Gravity th1cken1ng of wastewater s]udges uses. the force of grav1ty
to separate solids from water. Those solids that. are heavier than
water settle by gravity

l:

4. and are then.compactéd by ghe wéight of overlying solids. .
5. Grévity thickeneré are u%ua]]y circular, resembling clarifiers.

6.  The main components of ,gravity thickeners include: (a) an fn]et'
* and distribution baffle assembly, { . ‘
7.- (h) a sludge ‘rake to move settled solids to a sump for[YemoVa],
" (c) vertical p1c&ets attached to the rake mechanism, T
v . N
8. (d} & scum removal mechanism, (e) overf]ow weir and outlet piping.

9. The inlet and distribution assemb]y is a ‘circular-baffle, extending >
, from stightly above the watér surface downward 2-3 feet. Sludge
enters the center baffled area of the thickener, flows downward
- under the baffle and accumu]ates in the bottom of the thickener,
.form1ng a, sludge blanket.

~\ 10.- A s]udge blanket is the accumulated mass of solids that forﬁs when
individual particles settle and appedr as a d1scern1b1e layer* sep-
arate from the water in which they are contained.

/! 11. The s]udge rake gently stirs the s1hdge b]ankef’/}Th1s moves con-
centrated sludge to the center of the tank where it is dropped into

a sump.. The sloping’bottom of the thickener also helps move heavy

solids to the center of the tank for renoVa] N

‘12 In add1t1on to moving the sludge to the center sump, the gentle .
»  stirring of the blanket releases trapped gas bubbles ,and water, fur-
ther enhahcing concentration of the soT¥ds, If trapped gas is not
released from the bTanket, solids become bouyed up and float to the ‘
surface.

. \13r, 7
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@ 3. VWhile the sludge collection mechanism rotates at the bottom of the '
thickener, a scum removal mechanism moves across the surface, col- '
Tecting and depositing floating debris in a scum pit.

. . 14. The scum pit must be emptied on a regular basis.

15. Effluent from the thickener overflows a weir on the outside of the .
> tank. Scum is prevented from overflowing the effluent weir by a -
- baffle. . . ‘ .
16. There are Eeveral criteria inf]uenciné the performance of ‘a gravity
thickener, Thickeners are influenced by sludge characteristics and 3

operatjonal controls.
<

17. Important sludge characteristics are: (a) type of sludge, (b) age
of the feed sludge, (c) sludge temperature.

-

18. Both the type and age of sludge to be thickened can have a pro-
nounced effect on a thickener's overall performapce. .

19. Fresh.primary sludge has the potential of compacting to the highest

.concentrations of any sludge. X
‘e . ‘ ' . * < -\
20. If the primary sludge is septic or allowed to go anaerobic, gas- ¢
ification may occur, releastng hydrogen sulfide,.methane .and carbon
‘ ‘ -~dioxide  gases. ) ’ -

21. TRese gases attach to the solids in the blanket and carry them to the
* surface: -Gasification significantly reduces the efficiency of the
thickener. : . -.

22. Secondary sludges are biological solids and are not well-suited for
" gravity thickening because of large.quantities'of bound water.

23. These solids are composed of 85-90% water-within the cell mass. This
water may either be beund as a thin layer to the cells or actually
contained within the tells as intracellular water. ’

24. Besides having large quantities of bound water, biological solids

* tend to be smaller or finer in size than primary sludge solids. This
differnce in size makes them more difficult to settle than primary

- solids. |, v . )

25. The age of feed sludge is also important when gravity thickening
secondary, or biological sludge because of nitrification.

N Y
26. In the activated sludge and trickling filter processes, ammonia
may be converted to nitrite and nitrate in the presence of oxygen.
This oxidation of ammonia to nitrite &nd then to nitrate is called
nitrification\ ' '

‘ 27.~ It requires the presence of oxyden and a re]atjve]y long aeration
time or sludge age'which encourages the buildup of nitrifying ch- ~
teria, the drganisms responsible for making the conversion,gf

ammonia.” ‘ .
S .14

' Q .
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28.

29.

¥

31.

32.

33.

34,

35.

33.

39.

40.

30.

i o » ' \ ' \

}
Secondary sludges which have been nitrified under aerobic conditions ' -
may undergo further biological activity when fresh oxygen is no - |
lTonger present, as would be the case in a sludge blanket: In- this
case, under anaerobic cond1t1ons, nitrite and nitrate are cdnverted
to. nitrogen gas. N

This process of den1tr1f1cat1on produces gas which attaches to the
sludge particlés, causing them to float to the surface. Any floating
sludge problem adversely affects the eff1c1ency of a gravity thickener.

When nitrified secondary sludges are to be grav1ty th1ckened, a close
watch must be kept on the sludge detention time in the thickener so ‘
that sludge is thickened and pumped out before it has a chance to
dentr1fy and float ta the surface.

Secondary sludge may also have poor sett]1ng properties due. to the .
presence of filamentous bacteria. ~Filaments extending from the
floc prevent sludge from compacting wel].

Temperature of the feed sludge will also affect the operation of a
gravity thickener. : .

As the temperaturé increases, the rate of biological activity in-
creases, and the sludge tends to gasify and rise at a faster rate.

To shorten detention time during warm weather, s]u'dge should be ' P
pumped from\the thickener at a faster rate than during winter months.

In response to the variations in siudge character1st1cs, 0perat1on of
the grav1ty thickener calls for-specific operational controls:

(a) sludge b]anket depth, which is influenced by the speed of the
collection mechanism and the sludge withdrawal rate, (b) .solids and
hydraulic detention t1me (c) hydrau]1c and solids loading.

The sludge blanket depth is maintained by removing so]1ds from the
blanket in the bottom of the thickener at the same rate as they are
added at the top. N

In order to maintain a blanket, it is first necessary measure '
the volume of the sludge blanket. This figure will bea fraction of
the total thickener volume. - ' .,

Second, approx1mate the average concentrat1on of solids in the

blanket. This is done by measuring both the feed sludge and th1ckened
'sludge concentrations and taking an average of the two. This con- -
centration is the average of all solids in the blanket. Know1ng

the volume and concentration of the blanket, total pounds in the
blankdt can be calculated.

o

Knowing the volume and.concentration of the feed-sludge, and volume .
and concentration of thickened sludge allows the operator to know
what's com1ng in and what's going out. When these two amounts are
- equal, a solids balance W1]] be maintained, resulting in a stable

b]anket level. 3 o~ ] \ .
6T-11 of 13 15 L 12/80
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', 41. Sludge detention time is the time the solids remain in the gravity
thickéner and is based,on thé solids applied, the depth and concen- -
tration of ‘the sludge blanket and the solids removed from the bottom
of the thickener. The operator has -the ability to control the splids
detention time and degree of thickening to some extent by centrolling
the -depth of the sludge blanket. - }

. ‘ -42. Sludge Volume Ratio (SVR) provides a means of regulating the detentioh ~
time of siudgg within the blanket of the thickener.

43. SVR is defined’as the volue of the studge blanket divided by the
~daily volume of sludge pumped from the thickener. This term is a

- ' relative measure of the average detention time of solids in the thick-
ener and is galculated in days. ’
44, Typical SVR values are between % and 2 dayfj‘ - o

. 45, During opera%ion of a gravity thickene}, several points should be
-~ monitored at least once per shift. These points are: (a) influent,
.(b) thickener overflow, (c) thickened sludge stream.

46. Normally, the surface should be relatively clear and free of solids
" and-gas bubbles. * The sludge blanket should be kept below 3 feet. The
v speed of the collection mechanism should be such that sludge is con<
. tinuously moved to the center sump without creating turbulence which
impedes sqttrﬁng. Sludge should be pumped from the thickener at a- ¢
rate that will maintain a relatively constant blanket Tevel.

\ .
\ 47. If the blanket is maintained at too high a level and the solids- de-
: tention time is too long, gasification may cause floating sludge and
poor effluent quality.

48. If the blanket is too low, too much water will be pumped out ‘of the
¢ thickener with the thickened sludge. Most probably, if a thin blanket
7 . exists, sludge has not been held in the thickener long enough to '
reach ultimate compaction, and a higher volume of dilute sludge will
have to be handled than if more thickening had occurred before re-
moval. Trial and error is often the best means of finding optimum
conditions for a particular facility.
49. The hydraulic surface loading or overflow rate is expressed as:
Gallons, applied per sgquare foot of thickener surface area per day,
(GPD/sq ft/day)

“

&

~50. In figuring out thg hydraulic surface loading, ong must, find the
gallons applied per day to the thickener and then divide that amount
by the water surface area in square feet. )
51. Thickeners usually operate best if a relatiwely high flow of fresh
liquid is applied. To accomplish this, secondary effluent may be
. blended with the sludge feed. D J ;

16

Y erfe : GT-12 of 13 _ S 12/80

N




- ' | @
52. The.solids loading is def1ned as the, total number of pounds of solids
applied per-square fopt of thickener surface area per day.

53. The amount of loading that a th1ckener will hand]e is. dependent on the
.type of sludge to be th1ckened " For instance, a thickener can handle
more pr1mary sludge per square foot than secondary sludge, because
primary s]udge‘§ett1es and, compacts at a faster rate: : -

54. The operation: of a th1ékener may be expressed in terms of eff1c1ency
of remova] [Efficiency is calculatéd as:

- ) _lﬂiﬁ_QQI_ X 100% = % Efficiency =
In the case of gravity thickeners, the efficiency of removal of sludge
so]1ds is the key 1nd\EEE;r of proper performance. |,

55. Since the overflow from a' thickener 1s returned to the headworks of
‘ the plant, any solids which are not captured by .the thickener are” - !
. - recirculated where they exert an additional load beyond'that applied
by fresh wastewater entering, the plant. Efficiency of removal should
be calculated on a regular basis so that close track can be kept on !
the thickener and its impact on the rest of the p]ant

A

56. The primary goal of operation is concentrating s]udge thereby re- . -

* ducing the volume of solids to be handled. A concentration factor ‘
can be used to determine the effectiveness of the thickener in con-
centrating the sludge. N

57. The concentration factor is calculated-as follows: | ‘ Y

CF = Thickened Sludge Conc % °
Feed Sludge Conc %

58. For primary sludge, concentration factors (CF) of 2.0 or pigher
should be achieved. In handling secondary sludges, cbncentrat1on

factors of 3.0 or greater should be achieved. } -~

59. In.summary, a gravity thickener is a common means of increasing the o
concentration of sludge prior to other sludge handling. As sludge-is -
concentrated, less volume needs to be handled for an equivalent weight
of dry solids. This improves the eff1c1ency of most sludge treatment
and- disposal processes.

60. The procesé%Fe]ies on the fact that most wastewater solids are slightly .

' heavier than water, and will sett]e by the force of gravity under the ’

right conditions. ’ i . .

*

»

61v Careful adjustment .of operational contro]s enables the force of gravity-

to produce egfficient, economical thickening. \\\_1\ . .

e
s .7 -

e .7
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4.

3¢

» ° " GRAVITY THICKENING-= WORKSHEET

Which components are found %n a gravity thickener?

X __a. Inlet and distribution assembﬂy ‘
Spark drrestor . .
Rake or co11ector mechanism
Aerator
Pickets L \ . -,
Bar screen -
Scum removal < |

SRR

Qa -Hh o a o0 T

Circle three criteria which influence the operation of a gravity,
thickener. .. )

__X a. Hydraulic loading .
_ X b, Solids loading ‘ S~
X c. Rate of removal of sludge
_F__d. Temperature - . .
___f__ue. Type of. sludyge- '
Which of the following gases are produced when s1udge decomposes )
in a grav1ty thickener? fie
__a. Sulfur dioxide (S07) *
_ X b, carbon dioxide {C07)
X c. Hydrogen sulfide (H,S)
____d. Nitrous oxide (N2b)
X _e. Methane (CHg) -
The conversion .of ammonia nitrogen. to nitrate'nitrogen is oq11ed:
a. Aeration _ ’ N
______b. MNitrogen fixing .
_X c. Nitrification . . ‘
____d. Denitrification C
e. Fermentation ' ' )
The conversion of n1trate n1trogen to nitrogen gas is called:"
__ a. Respiration B
___b. Clarification ™ V
_ c. _Sedimentation
X d Denitrification \\?
e N1or1'f1ca4t1on- o 18 -
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fo11ow1ng conditions have .a biological cause? ) '
atnjg sltudge onthe surface due to demtr1f1cat1on ' '

}at1 @'gludge on the surface due to septic
l!ompasﬁt1on and the production of H,S and €0,.

. r set,}1ng due to excessively filamentous secondary
‘HhTudge . 1l A

Aﬂnif1ca?§on

.Q@::js of:8011ds 'due to short circuit{ng‘and turbulence.

~

: 1

! ’:folléﬁing would not be used in controlling a gravity

r Calculate the overflow rate (hydraulic ]oad1ng)
'i;peg day per square” foot. .

gallens per day = ga'llgns\per minute x 1449 ‘

éeSt aﬁéwer: i ; —
2. 200 gpdAsq Ft. S S . - -’
b. 400 gpd/sq ft. J | ~
¢c. 600 gpd/sq ft.
d
e

v

800- gpd/sq ft.
1000 gpd/sq ft. X ) .

9. 100 gpm of sludge at a concentration of 10,000 mg/1 is fed to a” 30 foot
diameter gravity thickener. Calculate the so]1ds 1oad1ng in 1bs/day/sq ft.

1bs = flow (MGD) x conc.(mg/1) x (8.34 1b/gal) ' .
R MGD = GPM'x 1440 . .
. 1,000,000 .
{ ‘Choose the closest answer:
. a 10 1b/day/sq ft. . R .
b, 13 | . o
) X c. 17 . : ) C
d. .20 i
___e. 23 - . l?? ' ' ' o ‘l'
° BN
Q° . - ? R : 4
‘ | )~ C° o W-GT-2 of 4° o ‘ 12/80.
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. - 10. Circle three factors which affect sludge detention time.

X __a.’ Amount of solids applied ‘

b.. Amount of\soh'ds removed

ce Tempera’.cure of sludge : _

X d. Amount of solids in $ludge blanket . )
e.

| |

-

. Al‘

Weir overflow rate ) ¢

4

11.  The sludge b]‘anket\in a 55,000 gallon gravity thickener occupies
a volume of 16,000 gallons. Sludge s pumped, from the blanket at
a rate -of 420 gallons per hour. What is"the sludge.volume ratio?

SVR. = blanket ;.'o]ume

volume pumped/day ' .
—__a. 1.0 days )
___)_(__- b. 1.6 days T )
¢ 2.8days  ° | > . z
+:_ d. 5.5days o o, L
____e. 3.2 days ‘
’ _ . 12.- A typical s]udge volume ratio for gr;avit)y thickeners is: |
e . X_a. 0.5- 2.0 days “ S
) b. 2.5 - 4.0 days - Yo ‘
c. 4.0 - 6.0 days" ) O

d.~6.0 - 8.0 days
e. greater than 8 days

13. When the weather gets warmer, how should the SVR: bé control Ted?

___-a. .Increase, v o
. © __X-b. Decrease. . . C
" c. keep'it the same. . - CoNA
-
14.  Choose three places where samples should be collected in monitoring
the operation of a gravity thickener. ; ‘ *
_X_a. Influent to thickener / ' .
) ____b.. Influent to grit chamber h’
__c. Influent to plant headworks ' , o .«
. _X __d. "Effluent from thickener. - ‘
_X__e. Concentratéd sludge stream from bdttom of thickener.”

‘. " .‘( r .
- 20 ~ »

®- , . . W-GT-3 of 4 ¢ | . 12/80
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15. In a grav1ty thickener, the s]udge b]anket should be kept below the .

surface by at least: 0,
___a. 1 inch B |
? b, 1 foot o g . :
_X _c. 3 feet - . h L
—_d. 6 feet :
e. It doesn't matter. R .

)

16. A thickener is fed with raw‘s]udge at 2% concentrat{onm Th%ck-
ened sludge is removed at 5% concentration. What is the .

concentration factor?
?

CF = Thickened Conc.

Feed Conc.
____a. 1.0 " '
____b. 2.0
: _X _c. 2.5
___d
h e, 3.0

17. Pringgps]udge should have a concentration factor greater than )

|

|

\

|

|

i

0.4 ) ; : ‘
i

1

a. 1.0 ' Lo ‘
\

|

|

18.  Secondary sludge should have a concentration factor greater than

*

fi a. 1.0 ' .
-
b. 2.0 )
X ¢ 3.0 .

. d. 4.0

e. 5.0
Jas
21 ’

ERIC W-GT-4 of 4 ‘ o 12/80
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GRAVITY THICKENING

Objectives ‘ ‘ ‘ _ B ‘

_Upon completion’of this lesson the student should be able to
. do the f0110w1ng :

e

5

10.

12

13,

. Reca]] two ways that grav1ty tnfluences th1cken]ng
" a. Gravitational force - sTudge is heavier than-water. . . .

. Identqu on a d1agram the following components .

.. Define Gasification

* due to a ,large amoynt of bound water.

b. Sludge is compacted by the weight of the so]1ds in\the ., | .
b]anket press1ng dawn from above..- . f * . .

-
¢

a. Inlet and Distribution Assembly = - : . SR
b. Rake or. Collector Mechan1sm o . S
c. Pickets ? ¢« :

d. JScum Removal -

List four of the s1x;cr1;er1a wh1ch 1nf1uence the. operat1on of
a gravity thickener. The list 1nc1udes

Type of sludge
.. Age of sludge '
S1udge blanket depth
Solids and hydraulic detention time ' , S g
Solids and_hydraulic loading . . +
. L4
Temperature of sludge . S I ‘

“HMaoaonO U

\
List the gases pnoduced by the biological decompositiop”of sludge.

Recall” that secondary sludges are difficult to thicken by gravity

3

Define n]tr1f1cat1on. , "

i

Define denitr%fication

Explain why n1tr1f1cat1on - denitrification 1s an 1mportant cons1d-
eration in thickening secondary s]udge .

Exp1a1n why filamentous bacteria in secondary s]udge causes
thickening problems.

Recall. that an increase in temperature causes an increase in «
biological activity. S

Recall that gravity thickener operation viries between summer and
winter due to the effect of ‘temperature on gasification. ‘

Recallwtwo of three types of control for operat1ng a thickener:
The -Tist includes: "

a. ControT solids retentibn time
b. Control speed’of co]]ector .
c. Control sludge blanket depth

Define and calculate hydraulic 1oading .o

v/

)
~

-

Recan typ1ca1 hydrau11c loading on a_gravity thickener is
400 - 800 gpd/sq. ft. -

* - N \

, . s-Gt-2of 14 , 26
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i

16.
17.

18.

19.
20.
21.

23.

24

- 25.
26.
27.

28.

*'a. One which maintains proper blanket level.

@ Hho oo oo

N <

) i
Define and calculate so]ids loading as 1bs. so]ids/day/ftz.

List.three of the four factors’which affect sludge detention .
time. These include: '

a. Solids'applied

b. .Depth of blanket

c. Solids concentration in blanket
d. Solids removed . p: . .

Define sludge volume -ratio as:

Vol. of sludge blanket.
Vol. of sludge pumped/day

Recall typical SVR's for gravity thickene}s is 0.5 - 2.0 days.
Reca]1 that SVR should decrease during warm weather

8
* ¢ .

A

Recall points where flow should be monitored in the operation of .
« a thickener. .These include: . °

a. Influent
b. Effluent
c. Concentrated sludge stream .

Describe the surface of a properly functioning thickener to be:’

a. Relatively clear '
b. Free of gas bubbles

* ¢. Free of solids «

d. Free of excessive scum accumulation ) »
Recall -that the sludge.blanket depth should be below three feet.

State the criteria for setting the speed oﬁ,the sludge collector.

It should be:

a. Fast enough to move settled solids to collection point.
b. Slow enough to avoid disruptive turbulefice which calses
solids to float. ' :

Recall that the proper rate af sludge withdrawal is\

Define and calculate “concentration factor” as:

Thickened Sludge Concentration o
Influent Sludge Concentration T

Recall that primary sludge should have a concentration factor .
greater than 2.0, secondary sludge greater than 3.0.

The student will be able to recall expected performance of a

- gravitational thickener in conentrating sludges as follows:

<

Primary sludge o 8 - 10%

Trickling Filter sludge 7- 9%

Waste activated sludge ) 2 - 3%

Digested primary’ . 12%

Primary and waste activated C .4,
. Primary and FeClg - .- o 4%

Primary and 1l.ime . - 7 - 12%

$-GT-3 of 14 27
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GRAVITY ‘THICKENING
GLOSSARY

Aerobic - A condition in which "free" or dissolved oxygen is present . -
in the aquatic environment. . ‘ :

[

Anaerob1c = A condition in which "free" or dissolved. oxygen is not
present in the aquatic environment.

Clarifier - Sett]1ng Tank, Sedimentation Basin. A tank or basin in
. which wastewater 1s}he]d for_a period of time, during which the
heavier solids settle to the bottom and the 11ghter material will ‘ i
float to the water surface. :
0

Den1tr1f1cat1on - The reduct1on of n1trates to nitrites and nitogen
gas. .
] ¥ i
Gas1f1tat1on - The transformat1on of wastewater so]1ds into gas dur1ng f
decompos1t1on \ _ (
Gravity - The grav1tat1ona1 attract1on of the earth's mass for bod1es' ‘
at or near fts surface. . ‘

‘Niggrificatiion - The biochemical conversion of unoxidized nitrogenous
matter (ammonia and organic nitrogen) to oxidized nitrogen
(usually nitrate). The second-stage BOD is sometimes referrg%
to as the nitrification stage (first-stage BOD is called the
< " carbonaceous stage -‘carbon compounds oxidized to COp). . °

) |
Supernatant Liquor - (1) The liquor overlying deposited solids. (2).
: The liquid in a sludge-digestion tank which lies between the sludge
at the bottom and the floating scum at the top.

Weir - A vertical obstruction, such as a wa11 or plate, placed in
in open channel and calibrated in order that a depth of f]ow over
*the weir can easily be converted to a f]ow rate.

~ -

. ' . v T
.‘1
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,GRAVITY 'l"HlCKENIN(_} This module discusses Gr\gvity Thickening.. It {

. ~ , , will present a desciiption of the process, the
' comporients typically found on a thickener, in-

formation on pfgcess control, safety aq9fothér

: ' ‘ ' basic items hecessary for a sound Quderstand-.
« ' , J

ing of the process. -
This module was written by Mr. Paul Klopping.

- Instruttiona1'Deve]opment was done by Priscilla
Hardin ang Envirotech Operating Services pro-
vided technical review. -

[

.

’-FUNC'TION . Gravity thickening of wastewater sludges' uses -
*Separate solids from water the force of gravity to separate solids fromi ’
water. Those solids that are heavier than
water settle by gravity and are then compacted
by the weight of overlying solids. Gravity
thickeners are usually circular, resembling
.~ clarifiers. -

-~

‘ COMPONENTS The main components of gravity thitckgners ih—_
. T . clude: . '
.~ {a) an inlet and distribution baffle
’ assembly

q ) (b) a sludge rake to mbve setﬁ]ed solids
T to-a sump far removal

) ' (c) vertical pickets attached to the
rake mechanigg - ‘

.- “ (d) a scum removal mechanism co 2
- L 34 - 4 . ° -\/J\,..‘ .
> . (e) overflow weir and outlet pipim -1
) The inlet and distribution assembly is a M
: o <ircular baffle, extendin§ from slightly

above the water surface downward 2-3 feet.
Sludge enters tﬁg center baffled area of the

v
. ’ !
. , .
- . . -
' .
! s e N .
.
3 . N
. +
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PERFORMANCE

FACTORS AFFECTING

*Sludge Characteristics
*Operational Controls

A

'The's]udgg rake gently stirs the sludge

thicLener, flows downward under the baffle

and accumulates in the bottom of the thicken- .
ér, forming a s]ﬁdge b]ankgt. A sludge blanket

is the accumulated mass of_solids that forms

when individual particles settle and appéar

as a discernible layer separate from the water

in which they are contained.

[

blanket. .This moves concentrated sludge

to tﬁé center of the tank where it is dropped
into a sump. The sloping bottom of the thicken-
er also helps move heavy solids to the center

of the tank for removal. In addition to moving
the sludge to the center stimp, the géntle stir-.
ring of ‘the blanket releases trapped gas bub-
bles and water, further gnhancing-concentra-
tion of the solids. If trapped gas is not

released from the blanket, solids become bouyed . g

up and float to the surface.

’

While the sludge collection mechanism rotates
at the bottom of the thickener, a scum removal
mechanism moves across thé,surface, co]]ectﬁng
and depositing floating debris in a $cum pit.

The scum pit must be emptied on a ragular basis.

Effluent from the thickener overflows a weir
on the outside of the tank. Scum is prevented '
from overflowing the' effluent weir by a baffle.

There are several criteria inf]uenéfﬁ&h%he
performance of a gravity thickener. Thickeners
are influenced by sludge characteristics and
operational controls. Important sludge char-
acteristics are: -

. ' N, - !

S-GT-6 of 14 12/80
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N ] SLUDG’E CHARACTERISTICS
. '

[y

~

"PRIMARY SLUDGE
. *Goad compaction

GASIFICATION

*Floating sludge .-

F) -

: N SECONDARY SLUDGE
‘ *Biological

-

(_the cell mass. This water may either be bound as a

(a). type of sludge
- (b) ‘age of thé feed sludge
"(c) sludge temperature

Za
e ot = i e s

Both ‘the tygé afd age of sludge to be thickened
can. have a pronounced effect on a thickeners
overall perform&hce. Fresh priﬁary sludge has
the potential of compacting to the highest con- ° o
centrations of any sludge. If the primary.

sludge is septic or ql?owed to go anaerobic,
gasification may -eccur, releasing hydrogen sul- -~ .
fide, methane and carbon dioxide gases. THese

- gases .attach to the solids in the blanket and l

carry them to e surface. .Gasification sig- .
nificantly reduces the efficiencywof the thickener.
\ “\“ : & K
Secondary sludges are biologjcal solids and are
not well-suited for gravity thiéiening because

L

of large quantities of bound water.

These solids are composed of 85-90% water within

thin layer to the cells or actually contained
within the cells as,iﬁtrace]]u]ar_wgte?.

KOS
Besides having large quantities of bound water,
biological solids are a]so oftentimes smaller or

D

finer 1n size than primary s]udge solids. This
d1fference in size makes them more-difficult to
settle than primary solids. )

The age of feed sludge is also important_when

gravity thickening secondary, or -biological sludge
because of nitrification. In the activated sludge
and t?ick]ipg‘fi]ter processes, ammonia may be con-
verted to nitrite and.nitrate in the presence of

© A . s . S
oxygen. This oxidation of ammonia to nitgite and
V’

s-GT-7 of 14« 31 1280
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, ' then to nitrate is called nifr{;:eation. It re-
quires the presence of oxygen, a re]atiyely‘loﬁa
aeration time or sludge age which’encouréges'the‘
buildup of n1tr1fy1ng bacter1a, the organisms re-
sponsible for mak1ng the conversion- of ammonia,

L
Secondary sludges which have been nitrified

under aerobic conditions may ‘underdo further
biological act1v1ty when' fresh oxygen is no
longer present as would be the case in a )
sludge bianket. In this case, under anaerobic

conditions, nitrite and nitrate are converted
« to nitrogen gas.  This.process of denityifica-
- tion produces gas which attaches (i;the-sludge,
particles, causing them to float tO¥the surface
Any floating sludge problem adversely ‘affects
the efficiency of a gravity thickener. When

. nitrified secondary sludges are to be gravity

thickened, .2 close watch must be kept on the
I sludge detention time in the thickener se that-
sludge is thickened end pumped out before
‘o it has a chance to denitrify and float to the
| \ surface. . ' ‘

-~

BULKING . Secondary sludge may'ngo have poor settling

*Filamentous bacteria properties due to the presehce of filamentous -
*Inhibits thickening ¢

bacteria. Filaments extending from the floc
¢ prevent sludge from compacting well.

Temperature of the feed sludge will also’affect
the operation of a gravity ;hiékener. As the
temperature increases, the rate of biological
activity increases, and the s]udge tends to
,gasify‘and rise at a faster rate To shorten
detention time during warm weather, s]udge
should.be pumped frem the thickener at a

- - - 32 .
| §-GT-8 of 14 ' _— 12/80
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In response to %he variations in sludge char- )
‘ actér1st1cs, operation of the grav1t,y thick- *
”hgiéﬁigf_ ' ener calls for specific operational controﬂs _
— (a) sludge blanket depth, which is in- .
< m’lﬂ + = THICKENING fluenced by the -speed of the collec- : ‘
' Sl tion mechanism and the sludge . g
1 e. . withdrawal rate . o
- ‘ . . (b) solids and hydraulic detent1on time- . ?
- (c) fhydrauhc and solids loading - 3
. ; ’ The sludge blanket depth is maintained by re-
. . moving solids from the blanket in the bottom ~
. " " of thé\ghickener at thg~same rate as they are

added at the top. In order to maintain a

blanket, it is first necessary to measure the ’

volume of the sludge blanket. This figure

wit be a fract1on of the total thickenetr .
“volume. Second, approximate the average

SLUDGE 'BLANKET DEPTH"

concentration of solids in the blanket. "’ .
This is done by measuring both the feed
sludge and thickened sludge coneentrations,
+ and taking an average of the fﬂo:' his
concentration is the average of all solids

. in the blanket. Knowing the volume and .
= cor?geer:!agﬁlon = c'g:ge?\'(ur(a’ 1%n trggﬁgg:gas‘l‘ggge . '
of blanket 5 concentration of the blanket, total pounds . :

solids - [

in the blanket can be calculated. Knowing

+ : B the volume and concentration of the feed
sludge, and volume and concentnatioq;of

. ; thickened sludge allows the operator to know .
" ' what's coming in and what's going out. When
. these two amounts are equal, a solids balance T
“ ‘ wi1l .be maintained, resulting in a stable |

blanket level. ’ i

: o33

Q ' . R . -
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". SLUDGE DETENTION TIME

~

SLUDGE VOLUME RATIO

Ty

* to some extent by contro]11ng the depth of the

. $-GT-10 .of 14

"Sludge detention time is the time the solids
Qremain in the gravity-thickéner'and is based
on, the solids abp]ied the depth and concen-.
/trat1on of the sludge blanket and the solids
removed from the bottom of the ﬁh1ckener
The operator has the.ability to control the .
solids detention time and degree of thickening

sludge b]anket
Sludge Volume Ratio (SVR) provides a means of
regulating the detentiof time of sludge within
‘the blanket of the thickener. SVR™is defined
as the volume of the sludge blanket divided

by the daily volume of s]udge pumped from the
1th1ckgner Th1s term is’ a relative measure

of the average detention’ t1me of sol1ds in—
the thi.ckener and is ctalculated in days.
Typical SVR yaiuq§ a#% between

“
']

!5' and 2 days. .
During operation of a gravity thiékener, several
po1nts should be mon1tored at-feast once per
shift. ‘These points, are

(a) Influent

(b) Thickener Overflow

(c) Thickened Sludge Stream
Norma]]y}*?pe surfacgashould be relatively clear
and free of solids and gas bubbles. The. sludge
blanket shouldbe kept below 3 feet. The speed
of. the collection mechanism should be such ,
that sludge -is continuously moved to the center

e
FANe

‘sump without creating turbul@nce which -
impedes se;t11ng Sludge . should be pumped
from the thickenér at a rate that will main-
'tain a re]atﬁve]y_constan; blanket Tevel?

.e s )
34
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BLANKET LEVEL

.. *Too high
¢ *Too low
LY
/
/

i v
p 9‘"00’ per,,
hydﬁ?uk: S ®

%

LI

If the blanket is maintained at too high a
level and the s0lids detention time is too
long, gas{fication may cause floafing sludge
and poor effluent quality. If the blanket is
too low, too much water will be pumped out of
the thickener with the thickened sludge. Most
probab]y,'ﬁf a thin blanket exists, sludge
has not been hdld in ‘the thickener long
enohgh to reach.ultimate compaction, and a
higher volume of dilute sludge will have

to be handled than if more thickening had
"occurred before rémoval. Tria¥ and érror ‘is
often the best means of finding optimum con-
ditions for a‘particular facility. I

The hydrau]ip‘surface loading or overfléw rafe

_is" expressed as: , .

|
‘ Gallons applied per square foot of

‘thickener surface gpea per day

(GPD/sq ft/day)

~

In figuring out the hydraulic surface loading,
one must find the gallons applied per day to
the thickener and then divide that mount by
the water surface area in square feet.

The thickener usually operates best if.a relative-

ly high flow of fresh liquid is applied. To accom-

plish this, secondary effluent may be blended with

" the sludge feed. .

The solids loading is defined as the total

" number of pounds of solids applied per square

foot of tﬁidﬁéher surface area pér day.
(1bs/3q ft/day) '

35
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solids _,
loading =

8O,

REMOVAL EFFICIENCY

overflow a¥ additional load to plant _;

R L R T

.
¥
D e

.
L
Pet i

Vo .

. EXPECTED CONCENTRATION /
. FACTORS - . t

? SECONDARY

el

.

. in terms of efficiency of removal.

S-GT-12 of 14 A

The amount of éoad1ng that a thickener’ will
hand]e is depéndent on the type of s]udge to

‘be thickened.! For instance, a thickener can

" handle more pr1mary sludge per square "foot
"than secondary sludge, because pr1mary s]udq\
Psett]es and compacts at a faster rate.

The operation of a thickener may be expressed-
Efficiency
is calculated as:#

\
N - OUT -y 1002 = % Efficiency
IN
In the Ease of gravity thickeners, the effici- ’

ency pf removal of sludge solids is the key
indic%tor of proper performange, Since ‘the
bverflow from a thickener is returned to the
headworks of-the—p]ant, any solids thch aré,
nét captured by the thickener are recmlate-d ‘ '
Qnere they exert an additiona] load beyond that
applied by fresh wastewater entering the p]ant
Efficiency of removal should be cafEuT;ted on

a regular basis so that close track can be kept

- on the thickener.and its impact on the rest
of the plant.

“

The primgty goal of operation is conﬁfntrating .
sludge thereby reducing the volume of solids

to be handled.
used to determine the effectiveness of the

A concentration factor can be

thickener in concentrating the sludge. ot

The concentration factor is calcylated as fol-
Tows: )

CF = Thickened Sludge Cduc % o
A Feed Sludge Conc % \.

-36
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' ‘ o . For primary studge, concentration factors (CF).
. —_ of 2.0 or higher should be achieved. 1In
handling secondary sludges, concentration
factors of 3.0 or greater should be achieved.

A gravity thickener is a common means of in-
creasing the concentration of sludge prior

- to other/§ladge hénd]ing. As sludge is con-
| centrated, less voiume needs to be handled for ‘
an equivalent“weight of dry solids. .This im- |

" proves the efficiency of most siﬁdge treatment

® and disposal.processes. .
!
|

_The process relies on the fact that most
- \ ‘ wastewater solids are slightly heavier than )
J ) i water, and will ‘settle by;f{é force -of gravity s
B : under the right conditions.

‘ - GRA*VITY THICKENING Careful adjugtment of operational controls |
*Z:Az::;:exhacuon enables thefforce of gravity to produce effici:’ %

*economical ent, economical thickening. J
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" - GRAVITY THICKENING - WORKSHEET *

1. Which compgnents are found*on a gravity thickener? . «
a. Inlet and distribution assembly’ to
Spark.arrestor ‘
Rake or collector mechanism ~ >

. Pickets

b.-
c.
____d. Aerator
e.
f. Bar screen
‘ g.

Scum removal -
. 2. Circle three criteria which infiuence'the operation of a grasﬁty
N, thickener. . .
- a. Hydraulic Toading -
______b. Solids Toading _
c. Rate of removal of.s1udge'
d. saTemperature
__* e. Type of sludge-

. 3? Which of the following gases are produced when sludge decomposes
T in a gravity thickener? . -~ . N\“ :
_____a. Sulfur dioxide (S0p) ¢
o b . Carbon dioxide (C07)
____C. Hydrogen sulfide (H,S) . - . ' .
C ______d. Nitrous pxide (N20) !

e. Methane (CHg)
4. . The conversion of ammonia nitrogen to nitrate nitrogen is called:

a.; Aeration P . .
b. Nitrogen fixing

c. Nitrification* )
d. Denitrification s e . e

; e.. Fermentation

5. The conversion of nitrate nitrogen to nitrogen‘gﬁs is called:

a. Reépiratfon N ~
b. Clarification
C., Sedimentation .
. ' < d. Denitrification - .
. ; © . e. Nitrification ,1 » . )
] N \‘v . B
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‘6i;\ wh1ch of the following condﬁt1ons have a b1o]og1ca] cause?'

a. F]oatmg sludge on the surface due to demtr1f1cat1on : ‘
b. F]oat1ng sludge on. the surface:due to septic . . )
- decomposition and the product1on of HZS and CO2 - .-
¢. Poor settling due to excess1ve]y f11amentous secondary ' -
sludge. N '

d. Gasification

i

e. Loss of solids due to short circuiting and turbu1enEe'

7. Which of the f011ow1ng would not be used in cdntro]11ng~a grav1ty
thickener?

- a. . Bstimation of rainfall ) \

b. Aeration detention.time ~\§§§ _ R ‘ .. 1
c. Solids retention time

d. ColTector speed S ' ' ‘
e.

Sludge blanket depth

——

8. A ‘gravity th1ckener is. 307 feet in diameter and operates at 300 C
gallons per minufe. Calculate the overflow rate (hydraulic loading) .
in gallons per day per square foot. *

Ata = = r2 gallens per day = gé]]ons per minute x*1440

. ) \\
min/day - _ oo : ’ L ‘

Choose the closest answer:

2 200 gpd/sq ft. . . .
__b. 400 gpd/sq €t. . ) .

_____c. 600 gpd/sq ft. o \

_____d.” 800 gpd/sq ft.

e 1000 gpd/sq ft.

9. 100 gpm of s]udge at a'concentrat1on of 10,000 mg/1 is fed to a 30 foot .
. diameter gravity th1ckener Calculate the solids loading in lbs/day/sq ft.

1bs = flow (M&) x conc.(mg/1) x (8.34 1b/ga]) . -y

= GPM x 1440 : o , -
1,000,000 - ‘

Choose the closest answér: S : . “ ) o
a 10 lb/day/sq ft. T \ \ ‘

b. 13 S » ‘

c. 17 . oo ‘ . o =

d

e.

p

20 . . o S
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. 10. Circle three factors which affect sludge detention time.
a. Amount of so]iQs applied

b. Amount of solids removed

c. Temperature of sludge ‘

d. Amount of solids in sludge blanket

e

Weir overflow rate \
Ca L " 11.  The sludge blanket in a 55,000 gallon gravity thickener occdpies
S s - a volume of 16,000 gallons. Sludge is pumped from the blanket at

. a rate'of, 420 gallons per hour. What is the sludge volume ratio?

SVR = blanket volume
volume pumped/day

-

. a. 1.0 days
| ____b. 1.6 days . ‘ 9 _ e
______c. 2.8 days - .
, ____d. 5.5 days -
. ______e. 3.2 days

\ 12. & A typical sludge volume ratio for gravity thiékeners is:

‘. A 0.5 - 2.0 days --
b. 2.5 - 4.0 days '

c. 4.0 - 6.0 days

d. 6.0 - 8.0 days \

e. greater than 8 days

N ~ 13. \When the weathér gets warmer, how should the SVR be controlled?

-~

a. Increase.

\ Ld -

b, Decrease.

c. keep it the same.
]

14. Choose three places where samples should be collected in monitoring
the operation of a gravity thickener.

a. Influent to thickener . -
b. Influent to grit chamber '
c. Influent to plant headworks
4
e

4

Effluent_from thickener.
Concentrated sludge stream from bottom of thickener.

.
* ' ~
o
- Al
o
4
- N
.
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- - 15,

17.

18.

"( s . ~ v

In a gravity thickener, the sludge blankgt-should be kept below the ‘
surface by at least: , 4
___a. 1l inch ‘

b, 1 foot ' . e

_____¢c. 3feet ' | X

___d. 6 feet .

__e. It doesn't matter. o

A thickener,is fed with raw sludge at 2% concentration. Thick-
ened sludge is removed at 5% concentration. What is the
concentration factor?

CF = Thickened Conc.

Feed Conc.
1.0
2.0
2.5
0.4 o
3.0

Primary sludge should have a concentration factor greater than

-

————

T a o o oo

Secondary

1.0 ’ -

2.0 .
3.0 ‘ .

4.0
5.0

»

sludge should havé a concentration factor greater than
1.0 !

2.0 ‘ ‘

3.0 .

5.0

42 :
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